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Abstract: Menopause is associated with losses in strength and power along with weight and
fat mass gains, which may result from menopause-related hormonal changes, aging-associated
diseases, and decreased physical activity time. The objective of this study is to analyze if
whole-body electromyostimulation (WB-EMS) is suitable for the prevention and treatment of
postmenopausal physical deterioration. Thirty-four healthy sedentary women between 55 and
69 years followed an experimental design pre-post test. Both groups conducted 10 weeks of aerobic
and strength training program. The experimental group conducted the training with superimposed
WB-EMS during exercise. At the end of the intervention, the experimental group obtained better
power (Squat: mean difference (MD) = 38.69 W [1.75,75.62], d = 0.81; Bench press: MD = 25.64 W
[17.48, 33.82], d = 2.39) and velocity (Squat: MD = 0.04 m·s−1 [0.01, 0.08], d = 0.98; Bench press:
MD = 0.10 m·s−1 [0.06, 0.14], d = 1.90) score improvements than the other group (pBonferroni < 0.05).
Furthermore, trivial to small effects were found in the body composition of the participants of both
groups (p > 0.050). WB-EMS showed a favorable isolated effect on the development of power and
velocity, but it induced negligible effects on the body composition of postmenopausal women.
Keywords: whole-body electrical muscle stimulation; whole-body electrostimulation;
physical exercise; aging; public health
1. Introduction
Aging is associated with a decline of functional capacity, which damages the quality of life and
increases the level of elder’s dependence. [1] As a result, there is global concern nowadays, both for
what aging means for the health of the elders and the increase in public spending associated with it [2].
Conceptually, functional capacity represents the physical capability that is needed to undertake usual
everyday activities, independently and without the early onset of fatigue [3]. One of the factors that
affect negatively on physical capacity is the progressive loss of skeletal muscle mass and strength,
which is known as sarcopenia. [4,5] Thus, it is established that reduced muscle strength with aging
leads to the loss of functional capacity and is a major cause of disability, mortality, and other adverse
health outcomes [6].
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While the mechanisms by which these functional limitations occur are multifactorial and unclear,
changes in body composition, such as losses in muscle mass coupled with increases in fat mass (obesity)
have been identified as significant contributors [7]. Special attention should be given to the population
of postmenopausal women, who are characterized by the highest percentage of body fat (PBF) and
by the lowest contents of lean tissue in the body [8]. Thus, interventions known to combat these
deleterious changes are imperative.
Low physical activity is associated with frailty phenotype, which includes unintentional weight
loss, self-reported exhaustion, weakness, and slow walking speed [9]. It leads to conclude that sedentary
behavior is extremely considered as a trigger factor of the dependency due to the deterioration of
the elderly’s health that it entails. It has been reported that inactive healthy older adults had two
times higher mortality risk compared with same-age physically active older adults [10]. Despite all
the benefits it offers as compensation for the deterioration of physical condition and health, physical
activity has been a resource in critical disuse as a preventive strategy for healthy aging [11]. Mainly,
sedentary behavior can be observed as age progresses [12]. Therefore, to overcome a sedentary lifestyle
and prevent the deterioration of strength and body composition in postmenopausal women, it will be
necessary to generate physical activity programs with an attractive profile. These programs should
provide easily perceived benefits and should enjoy good social support [13].
The whole-body electromyostimulation (WB-EMS) consists of the application of a biphasic and
symmetrical current using a specific suit connected to an electrostimulation device. The devices
generally allow the activation of the thighs, arms, buttocks, abdomen, chest, lower back, upper back,
wide dorsal, and with two auxiliary channels of free choice. In recent years, high-intensity training
programs have been developed with older adults, observing increases in strength [14–18] and body
composition [19,20]. Taking into account that the WB-EMS can become easily intense and guarantees
sufficient effort in those unable or reluctant to do it on their own initiative [21], we hypothesize
that it could be an appropriate training methodology for sedentary postmenopausal women.
Kemmler et al. [22] compared the effects of a WB-EMS training with those of a traditional high-intensity
interval training, concluding that both programs showed the same effectiveness in improving the
physical condition of sedentary men with cardio-metabolic risk. Other studies have analyzed the
effects of WB-EMS on the health of older people, observing improvements in sarcopenia [21,23–28]
and body composition [23,29]. In addition, the WB-EMS has established itself as an effective method of
physical conditioning, achieving improvements in maximum isometric strength of the leg extenders,
vertical jump, and handgrip strength [21,22,28,30,31].
Despite the optimistic results that the scientific literature shows, a recent systematic review
concluded that, at present, there is little evidence regarding the effectiveness of WB-EMS focusing on
the improvement of power, velocity, and body composition in the elderly [32]. On the topic of this
controversy, new studies whose protocols adequately conform to the scientific methodology should
be carried out. Thus, the objective of this study is to analyze, from a broad and realistic perspective,
the influence of a 10-week WB-EMS training program on the power, velocity, and body composition of
postmenopausal women.
2. Materials and Methods
2.1. Experimental Approach
The experimental procedure of the study corresponded to a two-arm randomized trial with
parallel-groups. There were no changes in the protocol since the start of the study. The reporting
has been done following the Consolidated Standards of Reporting Trials (CONSORT) guidelines for
standard items in interventional trials [33].
This study is part of a large project conducted from September to November 2018, and data
related to Physical fitness after 10 weeks of WB-EMS training (i.e., balance, strength, flexibility, agility,
speed, and cardiovascular resistance) have been published elsewhere [34]. In the present manuscript,
Int. J. Environ. Res. Public Health 2020, 17, 4982 3 of 16
we included the comparisons between pre to post 10 weeks focused on power and velocity as well as
body composition. This study received ethical approval from the committee of Arnau of Vilanova’s
University Hospital, Lérida (Spain), and was conducted in accordance with the Declaration of Helsinki.
Trial registration: ISRCTN15558857 last edited: 02/12/2019 (retrospectively registered).
2.2. Participants
Thirty-four postmenopausal women living in Lleida (Spain) were recruited to participate in this
investigation voluntarily. The recruitment and follow up period elapsed from June 2018 to April 2019.
Briefly, in a first step, they were contacted by a phone call to be informed about the nature of the
project. All of them were invited to attend an informational meeting where more details were given on
the benefits and possible risks that their participation in the project might entail. Those who showed
interest in their participation were recruited according to the inclusion criteria. The inclusion criteria
were as follows: (1) no reported contraindications (i.e., total endoprosthesis, abdomen/groin hernia,
epilepsy, and cardiac arrhythmia) for WB-EMS intervention, (2) sedentary status according to the
scales provided by the Eurobarometer (below 600 MET-minute per week) [35], (3) postmenopausal
status (detailed below in a separated section). Written informed consent was obtained from the whole
sample. Participants were allocated and informed about their assigned arm by a phone call, which was
made by an external collaborator. They were also assured of their anonymity and the reporting of their
views in aggregate form to protect their identities.
Menopause status: Hormone assessments were performed from fasting serum samples taken
between 8:00 and 10:00 AM. The serum was separated by centrifugation for 10 min at 2200× g. Systemic
FSH levels were immunoassayed using IMMULITE 2000 XPi (Siemens Healthcare Diagnostics, Frimley,
Camberley, UK). The participants’ menopause status was determined based on the self-reported
menstrual cycle.
Applying the categorization of Kovanen et al. [36], subjects were postmenopausal if no menstrual
bleeding during the past six months and following cut values were applied FSH > 30 IU/L. Participants
self-reported their health problems, gynecologic status, and use of medications.
2.3. Interventions
Two familiarization sessions for testing and training took place one week before the pre-test.
The training familiarization consisted of two sessions performed at a maximum of 12 min with
low/submaximal intensity, as it was previously recommended [37]. After, during the 10-week training
period, participants performed 20 training sessions (TS; 2/week) with a minimum of 48 h of rest
between sessions. The training program was the same for both groups, but the 1st group conducted
the training exercises with superimposed WB-EMS (EX + WB-EMS), and the 2nd group performed
the training exercises without superimposed WB-EMS (EX). Groups conducted their training sessions
separately on different weekdays, and participants from one group did not know the existence of the
other group. They were asked not to make physical efforts outside the intervention.
The training program consisted of two resistance blocks. The participants had to perform in each
block 20 repetitions (6 s for two rep and then 4 s rest) in three exercises (squat, deadlift, and bench
press) recommended for older people [38]. The additional load for every participant was adjusted to
40% repetition maximum (RM) obtained by an indirect measurement test [39]. After strength exercises,
participants performed a 10-min cardiovascular workout on the treadmill, at a constant individualized
speed, obtained from the talk test [40]. The highest speed they could walk while talking was estimated.
As it was done in Wirtz et al. [41], the absolute load in resistance training and speed in cardiovascular
training was increased by 5% every two weeks to apply the principle of progressive overload. As a
cooldown at the end of the sessions, 10 min of stretching exercises were done. In the whole sample,
the assessment of the exertion perceived was controlled at the end of the training sessions with a
20-Borg scale. The intention was always not to exceed the level 15 (“Hard”) [42].
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The electrostimulation (EMS) surface electrodes (Wiemspro® electrostimulator, Malaga, Spain) [43]
were applied in the whole body matching the electrical stimulus with the repetitions. The complete
electrostimulation equipment, consisting of the suit and the electrostimulator device, does not weigh
more than 1.5 kg (see Figure 1).
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the current intensity had to be normalized in the WB-EMS training. Following a procedure similar to 
that of Kemmler et al. [23], the intensity of the applied electrical stimulus was matched to the 6–8 
level of intensity perception of the electrical current (IPC) on a 0 to 10 pain scale. This represented an 
intensity that enabled the dynamic movement as pre-testing in the laboratory [45]. 
During the strength exercises, a frequency of 55 Hz was applied, since it was observed 
previously that a current frequency of ≥50 Hz is adequate for the activation of type II fibers, and 
therefore, cause adaptations in the strength training [46]. Pulse width: leg and glute 350 µs, lumbar, 
rectus abdominis and latissimus dorsi 300 µs, trapezius 250 µs, chest 200 µs, and arms 150 µs. Eight 
hundred ms of ascent ramp and descent ramp of 500 ms [47,48], with a 60% duty cycle were used 
[46]. Taking into account the effectiveness of low-frequencies of electrostimulation on the aerobic 
capacity [49], during cardiovascular training on the treadmill, the current applied was 7 Hz (ratio of 
on-time to the total cycle time: % duty cycle = 100/[total time/on-time]), considering previous 
methodological issues in low-frequencies [50]. The training protocols were supervised by two 
instructors who graduated in physical activity and sports sciences with wide experience in WB-EMS 
training. 
Harms: Adverse events, including physical injuries, were monitored by the instructors of the 
intervention and the responsible staff of the assessments and documented through the facility’s 
incident reporting process. 
2.4. Outcomes 
2.4.1. Primary Outcomes: Body Composition 
As primary outcomes, the following parameters were measured: height, weight, body mass 
index (BMI), body fat percentage, fat mass, visceral fat, lean mass, abdominal fold, contracted arm 
perimeter, waist perimeter, hip perimeter, and the sum of six-folds. 
Height was determined with an accuracy of 0.10 cm with a stadiometer (SECA, Hamburg, 
Germany). The participants were standing erect without shoes, with heels together and their heads 
in the Frankfort horizontal plane. The bodyweight was evaluated with an electronic balance with a 
sensitivity of 0.10 kg (Tanita BC-418 MA, Tanita Corp. Tokyo, Japan). The body mass index was 
obtained using the formula: bodyweight/height2. The fat mass, visceral fat and lean mass were 
Figure 1. Wiemspro equipment. (1) The electromyostimulator device, (2) Strap electrodes for the thighs,
(3) Strap electrodes for the arms, (4) Belt with electrodes for the buttocks, (5) Vest with electrodes for
the abdomen, chest and back area.
Given that subcutaneous fat modifies the transmission of the electrical stimuli into muscle [44],
the current intensity had to be normalized in the WB-EMS training. Following a procedure similar
to that of Kemmler et al. [23], the intensity of the applied electrical stimulus was matched to the 6–8
level of i tensity perception of the electrical current (IPC) on a 0 to 10 pain scale. This represented an
intensity that enabl d the dynami movem nt as pre-testing in the laboratory [45].
During the strength exercises, a frequency of 55 Hz was appli d, since it was observed previously
that a current frequency of ≥50 Hz is adequate for the activation of type II fibers, and therefore, cause
adaptations in the strength training [46]. Pulse width: leg and glute 350 µs, lumbar, rectus abdominis
and latissimus dorsi 300 µs, trapezius 250 µs, chest 200 µs, and arms 150 µs. Eight hundred ms of
ascent ramp and descent ramp of 500 ms [47,48], with a 60% duty cycle were used [46]. Taking into
account the effectiveness of low-frequencies of electrostimulation on the aerobic capacity [49], during
cardiovascular training on the treadmill, the current applied was 7 Hz (ratio of on-time to the total
cycle time: % duty cycle = 100/[total time/on-time]), consid ring previous methodological issues in
low-frequencies [50]. The training protocols were supervised by two instructors who graduated in
physical activity and sports sciences with wide experience in WB-EMS training.
Harms: Adverse events, including physical injuries, were monitored by the instructors of the
intervention and the responsible staff of the assessments and documented through the facility’s incident
reporting process.
2.4. Outcomes
2.4.1. Primary Outcomes: Body Compos tion
As primary outcomes, the following parameters were measured: height, weight, body mass index
(BMI), body fat percentage, fat mass, visceral fat, lean mass, abdominal fold, contracted arm perimeter,
waist perimeter, ip perimeter, and the sum of six-folds.
Height was dete mi ed with an accuracy of 0.10 cm with a stadiometer (SECA, Hamburg,
Germa y). The participants were standing erect without shoes, with heels t gether and their heads
in the Frankfort horizontal plane. The bodyweight was evaluated with an electronic balance with
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a sensitivity of 0.10 kg (Tanita BC-418 MA, Tanita Corp. Tokyo, Japan). The body mass index was
obtained using the formula: bodyweight/height2. The fat mass, visceral fat and lean mass were
estimated by bioelectrical impedance analysis (BIA) using an eight-contact electrode segmental body
composition analyzer (Tanita BC-418 MA, Tanita Corp. Tokyo, Japan).
To assess skinfolds and perimeters, a 0.50 mm sensitivity Slim Guide caliper and a measuring
tape (CESCORF) were used, respectively [51]. The muscle mass was estimated by using the formula of
Lee et al. [52].
All measurements were made in duplicate non-consecutively and using the average value as the
final value. All women were measured at the same time of the day for baseline and post-test, and they
were instructed to avoid alcohol consumption and maintain the usual habits in fluid/food intake to
avoid errors due to differences in hydration. All analyzes were performed by a level I anthropometric
technician certified by the International Society for the Advancement of Kinanthropometry (ISAK),
as described in its reference manual [53].
2.4.2. Secondary Outcomes: Power and Velocity
For the secondary outcomes, a progressive resistance test (PRT) [54] was carried out to make an
accurate assessment of strength development. The PRT facilitates simultaneous direct calculations
of velocity (m·s−1) and power (W), produced with different loads, and at the same time. Taking into
account that as a consequence of aging, the losses in strength are observed mostly in the type II
fibers [55], the abovementioned variables were the primary outcomes in this study.
Following the PRT test protocol, we assessed the execution of six to eight series of two to three
repetitions in squat and bench press, applying the maximum possible acceleration alternated with rest
intervals of 2 to 5 min. The rest period was proportional to the intensity and duration of the effort to
avoid the prediction errors caused by the accumulated fatigue. The load was increased progressively
with the sets. For each magnitude of weight lifting, it is necessary to select the repetition with which
the highest values of average velocity and power are reached, as this factor expresses the highest
mechanical efficiency of the exercise [56]. In this study, the best repetition of the best set was recorded.
Then, the load in which that best set was done in the baseline, was used in the post-test to compare the
evolution of the variables after the intervention in the post-test.
To perform this test, a lineal encoder Chronojump® (BoscoSystem, Barcelona, Spain) was used to
detect the position of the weight bar during linear movements. This device warranties the viability
and reliability of data, offering an accurate estimation of the range of movement, acceleration, velocity,
strength and the power produced during each action [57].
2.5. Sample Size
The minimum sample size needed was determined by an a-priori power analysis using the
G*Power3 software (University of Duesseldorf, Duesseldorf, Germany) for Mac [58] following the
indications of Beck [59]. The effect size value used was: d = 0.70, with a total sample size of
n = 30, based on a previous study in postmenopausal women [23]. Furthermore, two levels for
the between-subject factor (EX + WB-EMS, EX), two levels for the within-subject factor (Baseline,
postintervention), alpha error probability set at 0.05 and a power of 0.80 were used. This analysis
indicated a minimum total sample size of 20 participants. Considering a dropout rate of 25%,
13 participants per arm were required. In order to check the minimum effect size to which the model
was sensitive, a sensitivity analysis with the overestimated sample size assuming a 25% dropout rate
(n = 26) was done. The power and alpha values used were 0.80 and 0.05, respectively. The model was
sensitive enough to detect effects as small as d = 0.57.
2.6. Randomization
The randomization of the study sample was carried out by a computer random number
generator [60]. The participants were randomized into two different groups by simple randomization.
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The 1st group conducted a voluntary exercise program with superimposed WB-EMS (EX + WB-EMS,
n = 17), and the 2nd group performed only voluntary exercise training (EX, n = 17) (See Figure 2).
The assessments were carried out in the sports center Ekke, located in Lleida (Spain). The data were
recorded by blinded testers in a spreadsheet that was stored in an encrypted USB memory by an
external collaborator, to guarantee the privacy of the participants. The collaborator assessed the safety
and validity of the research data. A blinded statistician had access to the final dataset of the study.
The participants were asked not to take any stimulants before assessments to avoid their influence on
the results.
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram. This figure shows
the flow of participants through the trial according to the criteria recommended in the CONSORT
guidelines.; EX = Voluntary exercise group; EX + WB-EMS = Voluntary exercise with whole-body
electromyostiulation (WB-EMS).
2.7. Statistical Procedures
All the participants who started the intervention were included in the statistical analyses. Data are
presented in mean ± standard deviation (SD). The assumption of normality was verified by exploring
the Q-Q plots and his ogram of residuals. The homoge eity as umptio was checked using the
Levene’s test.
To assess between groups’ sample characteristics differences at baseline, an independent sample
t-test was performed. If groups differed in any sample characteristics, it was used as a covariate.
To detect between-groups’ eff ctiveness differences, analysis of covariance, using e baseline
values as a covariate, was used [61–63]. When significant F values were found, post-hoc test with
Bonferroni correction was applied.
Within-group changes were assessed with an ANOVA procedure and post-hoc tests with the
Bonferroni correction.
The Cohen’s d effect sizes (ES) were reported with 95% confidence intervals (CI) and interpreted
as: <0.2 = trivial; 0.2–0.6 = small; 0.6–1.2 = moderate; 1.2–2.0 = large; >2.0 = very large [61].
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The significance level was set at α = 0.05 for all test. All statistical analyses were performed using
JASP (version 0.12.2; JASP Team (2019), University of Amsterdam, Amsterdam, The Netherlands).
3. Results
At the start of the study, 17 participants were randomly assigned to each intervention group.
One participant of each group left the study due to personal reasons without attending to the
baseline assessments. Finally, 16 participants in each group were fully assessed, received the intended
interventions, and were analyzed for both the primary and secondary outcomes.
The percentage of attendance of both groups was higher than 85% (EX + WB-EMS: 92.76 ± 6.34%
vs. EX: 89.47 ± 9.80%) and the perceived exertion was “Somewhat hard” (13 to 14) in the 20-Borg scale
(EX + WB-EMS: 14.15 ± 0.65 arbitrary units (AU) vs. EX: 13.21 ± 0.91 AU).
3.1. Sample Characteristics
The baseline characteristics of the study sample are shown in Table 1. A statistically significant
mean difference in age was shown between groups (MD [95% CI] = 3.35 years [0.82, 5.89], p = 0.011).
Table 1. Summary of sample characteristics.
Variable Total (n = 32) EX + WB-EMS(n = 16) EX (n = 16) p-Value
Age (years) 61.38 ± 3.95 63.06 ± 3.42 59.71 ± 3.82 0.011
Body mass (kg) 67.44 ± 10.84 67.11 ± 10.84 67.78 ± 10.12 0.866
Height (cm) 158.32 ± 5.28 156.69 ± 5.02 159.94 ± 5.18 0.081
Body mass index (BMI, kg/m2) 26.91 ± 4.11 27.28 ± 4.24 26.54 ± 4.08 0.620
Values are presented as mean ± SD. EX + WB-EMS: exercise plus whole-body electrostimulation group; EX: exercise
only group.
3.2. Body Composition
A post-hoc analysis within (time) on the body composition variables for both groups are reported
in Table 2. None of the groups obtained statistically significant improvements in any of the variables,
with magnitudes of effects sizes ranging from trivial to small.
Table 2. Summary of baseline and postintervention data of the body composition variables for each
group EX + WB-EMS (n = 16) and EX (n = 16).
Variable Group Baseline Post % Change MD [95% CI] d
Weight (kg) EX + WB-EMS 67.11 ± 11.84 66.82 ± 12.10 −0.43 −0.29 [−1.38, 0.80] −0.19 [−0.68, 0.31]
EX 67.78 ± 10.12 67.49 ± 10.27 −0.43 −0.28 [−1.38, 0.80] −0.19 [−0.68, 0.31]
BMI (kg/m2) EX + WB-EMS 27.27 ± 4.24 27.16 ± 4.28 −0.40 −0.11 [−0.56, 0.34] −0.18 [−0.67, 0.32]
EX 26.54 ± 4.08 26.46 ± 4.15 −0.30 −0.08 [−0.54, 0.37] −0.13 [−0.62, 0.36]
Body fat () EX + WB-EMS 35.80 ± 5.75 35.99 ± 5.48 0.53 0.19 [−1.13, 1.51] 0.10 [−0.39, 0.59]
EX 36.61 ± 5.15 35.85 ± 5.39 −2.08 −0.76 [−2.08, 0.56] −0.41 [−0.91, 0.11]
Fat mass (kg) EX + WB-EMS 24.56 ± 8.15 24.73 ± 8.38 0.69 0.18 [−2.17, 2.52] 0.05 [−0.44, 0.54]
EX 26.27 ± 7.79 24.65 ± 7.72 −6.17 −1.61 [−1.96, 0.73] −0.49 [−100, 0.04]
Lean mass (kg) EX + WB-EMS 42.57 ± 4.80 42.11 ± 4.37 −1.08 −0.46 [−2.21, 1.30] −0.18 [−0.68, 0.31]
EX 41.80 ± 5.42 42.84 ± 3.20 2.49 1.04 [−0.71, 2.80] 0.42 [−0.10, 0.93]
Visceral fat (kg) EX + WB-EMS 9.06 ± 2.29 9.13 ± 2.36 0.77 0.06 [−2.71, 2.84] 0.02 [−0.47, 0.51]
EX 10.01 ± 6.07 8.38 ± 2.16 −16.28 −1.64 [−4.41, 1.14] −0.42 [−0.92, 0.10]
Abdominal fold (mm) EX + WB-EMS 26.43 ± 9.98 23.44 ± 6.43 −11.31 −2.99 [−6.57, 0.59] −0.59 [−1.12, −0.05]
EX 27.85 ± 10.61 27.13 ± 10.86 −2.59 −0.73 [−4.19, 2.74] −0.15 [−0.64, 0.35]
Waist to hip ratio EX + WB-EMS 0.83 ± 0.08 0.80 ± 0.06 −3.61 −0.03 [−0.14, 0.09] −0.16 [−0.65, 0.34]
EX 0.76 ± 0.22 0.83 ± 0.07 9.21 0.07 [−0.04, 0.18] 0.45 [−0.07, 0.96]
6-fold (mm) EX + WB-EMS 132.48 ± 35.39 126.06 ± 22.50 −4.85 −6.41 [−19.20, 6.37] 0.35 [−0.85, 0.16]
EX 130.74 ± 37.62 133.13 ± 37.12 1.83 2.39 [−10.40, 15.17] 0.13 [−0.36, 0.62]
Waist (cm) EX + WB-EMS 84.13 ± 10.88 83.47 ± 10.11 −0.78 −0.66 [−9.81, 8.48] −0.05 [−0.54, 0.44]
EX 79.90 ± 21.64 84.24 ± 11.19 5.43 4.34 [−4.80, 13.48 0.34 [−0.17, 0.83]
Hip (cm) EX + WB-EMS 102.21 ± 8.28 99.08 ± 14.79 −3.06 −3.14 [−12.22, 5.95] −0.24 [−0.74, 0.26]
EX 97.42 ± 14.54 101.37 ± 7.78 4.05 3.95 [−5.13, 13.03] 0.31 [−0.20, 0.80]
Values are presented as mean ± SD. EX + WB-EMS: exercise plus whole-body electrostimulation group; EX: exercise
only group; % change: percentage change; MD: mean difference; CI: confidence interval; d: Cohen’s d effect size;
BMI: body mass index.
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Analysis examining differences in the improvements of body composition at the end of follow-up
among EX + WB-EMS versus EX groups, adjusting by the age and the corresponding value scores at
baseline, are displayed in Table S1 of the Supplementary Materials.
3.3. Power and Velocity
The post-hoc analysis within (time) on the mechanical variables of strength exercises for both
groups are reported in Table 3. The EX + WB-EMS group obtained statistically significant improvements
in all variables with very large effect sizes. However, the EX group obtained statistically significant
improvements with large effect sizes in the mechanical variables of the squat exercise but not in the
bench press exercise (trivial effect sizes).
Table 3. Summary of baseline and postintervention data of the mechanical variables of strength
exercises for each group EX + WB-EMS (n = 16) and EX (n = 16).
Variable Group Baseline Post % Change MD [95% CI] d
Squat
Velocity (m·s−1) EX + WB-EMS 0.48 ± 0.10 0,75 ± 0.10 56.25 0.27 [0.20, 0.33] *** 2.85 [1.72, 3.96] ˆ
EX 0.50 ± 0.05 0.66 ± 0.10 32.00 0.15 [0.09, 0.22] *** 1.63 [0.86, 2.37] #
Power (W) EX + WB-EMS 478.87 ± 143.32 782.18 ± 194.52 63.34 303.31 [223.18, 383.44] *** 2.67 [1.60, 3.73] ˆ
EX 548.26 ± 100.43 730.571 ± 160.14 33.25 182.31 [102.18, 262.44] *** 1.61 [0.84, 2.35] #
Bench press
Velocity (m·s−1) EX + WB-EMS 0.50 ± 0.13 0.81 ± 0.08 62.00 0.39 [0.22, 0.39] *** 2.48 [1.46, 3.47] ˆ
EX 0.58 ± 0.07 0.59 ± 0.07 1.72 0.01 [−0.08, 0.09] 0.07 [−0.42, 0.56]
Power (W) EX + WB-EMS 47.17 ± 14.35 78.24 ± 14.02 65.87 31.08 [22.63, 39.51] *** 2.61 [1.55, 3.64] ˆ
EX 52.45 ± 53.41 53.41 ± 7.00 2.22 0.96 [−7.21, 9.13] 0.08 [−0.41, 0.57]
Values are presented as mean ± SD. EX + WB-EMS: exercise plus whole-body electrostimulation group; EX: exercise
only group; % change: percentage change; MD: mean difference; CI: confidence interval; d: Cohen’s d effect size;
*** pBonferroni < 0.001; #: Large effect size; ˆ Very large effect size.
The analysis examining the differences in the improvements of mechanical variables of the strength
exercises among EX + WB-EMS versus EX groups, adjusting by age and the corresponding value
score at baseline, are displayed in Table 4. At the post-test, the participants in the EX + WB-EMS
group showed better velocity and power score improvements in both exercises than their peers in
the EX group with effect sizes ranging from moderate to very large (p < 0.05). See Figure S1 of
Supplementary Materials.
Table 4. Summary of the mechanical variables of strength exercises results for each group EX + WB-EMS
(n = 16) and EX (n = 16).
Variable ∆ EX + WB-EMS ∆ EX MD [95% CI] d
Squat
Velocity (m·s−1) 0.11 ± 0.01 0.06 ± 0.01 0.04 [0.01, 0.08] * 0.98 [0.23, 1.71] $
Power (w) 99.51 ± 11.96 60.83 ± 11.96 38.69 [1.75, 75.62] * 0.81 [0.08, 1.52] $
Bench press
Velocity (m·s−1) 0.13 ± 0.01 0.03 ± 0.01 0.10 [0.06, 0.14] *** 1.90 [1.11, 2.82] #
Power (w) 28.77 ± 2.69 3.12 ± 2.59 25.64 [17.48, 33.82] *** 2.39 [1.49, 3.34] ˆ
Values are presented as estimated mean ± SE. ∆ EX + WB-EMS: change score of exercise plus whole-body
electrostimulation group; ∆ EX: change score of exercise only group; MD: mean difference; CI: confidence interval; d:
Cohen’s d effect size; * pBonferroni ≤ 0.05; ***: pBonferroni < 0.001; $ moderate effect size; # Large effect size; ˆ Very large
effect size.
4. Discussion
The overarching aim of the present trial was to determine the effect of a WB-EMS training
program on postmenopausal women, focusing on improving both body composition and low and
high extremity power through resistance training and cardiorespiratory exercises. The main findings
were that voluntary exercise with WB-EMS promoted higher increases in power and velocity on squat
and bench press than voluntary exercise alone. On body composition, negligible effects were found in
both groups.
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4.1. Body Composition
Aging is associated with various modifications in body composition, including changes in weight,
loss of muscle mass, and an increase in fat mass. This is mostly observed in postmenopausal women,
who present the highest percentage of body fat and the lowest lean body mass, soft tissue percentage,
and total body water due to a decline in endogenous estrogen production [8,64]. As frailty, dependence,
and fall risk are characterized exactly by the mentioned modifications [65]. Thus, some solutions
should be proposed from the scientific circles to reduce the impact of aging on this population and
guarantee a better quality of life.
The results of this study showed no changes in body composition after 10 weeks of an EB-EMS
training program. Some previous studies assessed the effects of WB-EMS on the body composition
of populations in advanced age. Kemmler et al. (2010) [23] observed improvements in variables like
bodyweight and total abdominal fatness of postmenopausal women, but the authors indicate that
there may be a synergistic effect that favored the results of the WB-EMS group. The same research
group found no statistical improvements in muscle mass of untrained old adult men [66], which is in
accordance with the results of this study. They also found a better improvement in fat mass but not in
bodyweight, comparing the WB-EMS group with a stretching training group. In a study called Test III
trial, Kemmler et al. [21,29] and Stengel et al. (2015) [24] did not find improvements in bodyweight,
total fat mass, or bone mineral density, but they did to some extent and with high variability in total
lean mass and body fat. In another study [25,67], the authors only observed differences in muscle mass
comparing a WB-EMS group with a control group who only performed slight movements in a supine
position; what is not clear is the analysis of the isolated effect of WB-EMS. Optimistic results could be
observed in a recent study made with community-dwelling older men [27,28,68], where improvements
in body composition were found, but their control group did not carry out any kind of training, just as
in Schink et al. [69]. Studies carried out with younger populations to assess the effects of WB-EMS
on body composition did not observe statistical differences [70–73]. All those studies were carried
out during week-long experimental phases. So, the present study found similar results. Thus, future
studies with longer interventions are necessary to assess the possible effects on body composition after
more extended WB-EMS exposure periods.
The unchanged lean mass after our experimental phase should imply no changes in muscle mass,
which could be contradictory with the improvements found in power and velocity. These improvements
could be explained by the nervous system adaptations discussed above. Instead of increments in
muscle mass, the beneficial effects would come from neural efficiency enhancements, which would
develop the capacity of the motor unit recruitment.
Kemmler et al. [74] assessed energy expenditure in both voluntary or WB-EMS training. Unlike
the present study, the sample was composed of young males, but it is interesting to point out that the
authors found a relatively small isolated effects of WB-EMS exposure. This little influence of WB-EMS
on energy expenditure could be an explanation of the unchanged results. However, future studies
should consider dietetic control to assess in a more precise way, the caloric intake-outtake balance in
the context of WB-EMS exposure.
4.2. Power and Velocity
Decreases in muscle function commonly observed with aging are greatly related to impairments
in muscle strength and power [1,75]. In this respect, strategies aiming to increase muscle strength and
power to preserve functionality in the elderly are of interest.
The results observed in the present study show that WB-EMS triggers interesting improvements
in power and velocity in postmenopausal women. These findings are in concordance with some
previous studies observing that WB-EMS increases the maximum dynamic and isometric strength in
older individuals [21,23,24,28,29]. It must be pointed that the study cohort is, on average, 10 years
younger than the mentioned previous studies, but we consider mentioning them as a probe to show
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that WB-EMS might seem to be a suitable method to improve the explosive strength component despite
the age component [31].
However, another study observed different results than ours. Amaro-Gahete et al. [76] carried out
a 12-week randomized controlled trial with a parallel-group in which one of the groups performed a
high-intensity interval training (HIIT group), and the other group performed a training program “with
similar characteristics to those used for the HIIT group adding whole-body electromyostimulation”.
Unfortunately, the authors did not observe better evolution of the strength variables in the WB-EMS
group than in the HIIT group. This controversy on the strength evolution in advanced age people
shows the need for future clinical trials approaching this research line.
Several reports have highlighted a greater age-related decline in lower limb explosive capacity
compared with maximal muscle strength [77–80]. One of the most important declines coming from
aging is the manifest at the muscle fiber level by type II atrophy [81], which is accompanied by a
specific decline of this type of fiber in skeletal muscle stems or satellite cell number and function [82,83].
All these processes have, as a consequence, a reduction of the movements velocity and power in
the elderly. The decline in explosive capacity in older adults has been linked to impaired ability to
perform daily living tasks, including climbing stairs and rising from a chair together with reduced
ability to recover from a trip or a slip, which is important in fall prevention and independence [84].
Due to this, it is of extreme importance the training and assessment of these variables in older
populations. Kemmler et al. [23] found a significant increase in the isometric leg power of elderly
males. Wirtz et al. [72] found improvements in the leg flexors in an isoinertial power test with a leg
curl machine. The same happened in the leg curl power strength in Wirtz et al. [85]. Their studies
were carried out with young trained males, but they agreed with the results of the present study in the
successfulness of the WB-EMS enhancing the power in an isolated way.
It must be pointed out that most of the previous studies implemented WB-EMS 1 to a maximum
of 1.5 sessions a week. In the present study, the exhaustive control of the training loads allowed two
weekly training sessions. It was done by monitoring the current intensity using the abovementioned
IPC pain scale during the WB-EMS + EX group training, along with the assessment of the exertion
perceived with 20-Borg scale at the end of both group sessions.
Most of the previous studies used 85 Hz while the present used 55 Hz. Our results confirmed the
previous evidence that a current frequency of ≥50 Hz is adequate for the activation of type II fibers,
and therefore, for cause for the adaptation to strength training [46]. While the general pulse wide of
350 µ was found in some of the other studies, we decided to use a more specific pulse width for each
muscle group to guarantee the maximum comfort of the trainee as it was previously proceeded in
Amaro-Gahete [76].
To the best of the author’s knowledge, the present study is the first to assess the effects of WB-EMS
on power and velocity in postmenopausal woman using a lineal encoder, what guarantees the reliability
and precision of the data.
An explanation of the observed results in this study could be the preferential adaptations of the
type II fibers as a consequence of the application of electrical current, as it was observed in previous
studies with local EMS [86,87], but it is not clear, taking into account that in those studies the control
groups did not proceed to a comparable isometric training, so the analysis of EMS by its own becomes
confusing. The evolution of type II fibers after a WB-EMS training is an interesting research line still in
the early steps, given that only one previous study has been published discussing it [73]. The authors
did not observe statistical differences between the WB-EMS group and the training group.
A further explanation of the results could be due to neural factors acting at various levels of the
nervous system, which could result in increasing the maximal level of muscle activation [86–89]. As it is
established, recruitment patterns during electrical stimulation are random. Both slow and fast fibers are
activated non-selectively [90]. Small diameter axons close to the electrode could depolarize with lower
stimulus amplitudes than larger axons further away, resulting in random motor unit recruitment orders
of specific types [91]. Consequently, conventional electrical current recruits fewer fatigue-resistant
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motor units, and more fast-fatigable ones compared with voluntary contractions. Thus, the electrical
current could have improved the ability to activate fast fibers that would not typically be recruited
during normal daily activities [92]. This may be the mechanism primarily responsible for the power
and velocity gains.
Study Limitations: Although this study has remarkable strengths, such as (1) the precise analysis
of power and velocity with a linear encoder, (2) the comparable treatments in both the WB-EMS and
the control group, and finally, (3) the high ratio of the sample participation during the sessions (>85%);
certain limitations could be taken into consideration. First, nutritional control of the sample was not
carried out throughout the treatment, since only instructions regarding keeping on with the usual
diet were given to participants. The importance of caloric intake control is necessary for the aiming
of body composition improvements. An unequal intake-expenditure balance during the training
could have induced the unmodified results in fat mass, muscle mass, and body weight. Besides,
through nutritional control, the correct recovery could have been guaranteed after each training [93],
avoiding the accumulated fatigue. This aspect becomes even more important, considering the age of
the participants since this factor could limit their recovery [94]. We did not perform high-end body
composition measurements (i.e., computed tomography [CT] or dual-energy X-ray absorptiometry
[DXA]), as the authors did not have access to that technology. Hence, greater changes in body
composition might have occurred than those, which we were able to determine by the precision of the
measurements. Besides, the adaptation of FT-fibers remains an assumption and cannot be proven by
high-end body composition measurements. Finally, to estimate the maximum intensity at which the
participants could be electrostimulated, a pain threshold test was performed. Pain is a parameter that
may have some subjectivity, so we cannot categorically state that the intensity at which the current was
applied was that required to cause adaptations.
Practical Applications: Sedentary behavior can be observed mainly in older people, which is a
growing population sector. Therefore, to overcome a sedentary lifestyle and prevent the deterioration
of their functional fitness, it is necessary to generate physical activity programs with an attractive
profile and easily proved benefits. The findings of the present study demonstrate that WB-EMS
programs carried out 20 min twice a week under the supervision and guidance of a physical activity
technician can be even more effective than only voluntary exercise. Based on the results of this study,
to the authors’ opinion, this new training methodology is effective and suitable for postmenopausal
women to improve their functional fitness, warranting their independence, decreasing their risk of
falls, and improving their quality of life.
Future proposals: The body composition adaptations under the whole body electromyostimulation
exposure over a prolonged period and with a greater sample size need to be further researched.
5. Conclusions
In summary, the findings suggest that 10 weeks of WB-EMS training with a stimulation frequency
of 55 Hz during strength voluntary exercises and 7 Hz during aerobic treadmill walk, in untrained
postmenopausal woman, significantly improves power and velocity parameters. However, negligible
effects were found in body composition.
Supplementary Materials: The study data are available online at: http://www.mdpi.com/1660-4601/17/14/4982/s1,
Figure S1: Analysis of covariance assessing differences in mechanical variables of strength exercises at the end of
follow-up among intervention versus control groups, Table S1: Summary of body composition results for each
group EX + WB-EMS (n = 16) and EX (n = 16).
Author Contributions: Conceptualization, A.P.-R. and J.R.-M.; methodology, A.P.-R. and J.R.-M.; software, J.V.B.-G.;
validation, V.H.-G.; formal analysis, J.V.B.-G.; investigation, A.P.-R.; resources, A.P.-R.; data curation, N.N.-N.;
writing—original draft preparation, A.P.-R.; writing—review and editing, J.R.-M. and J.V.B.-G.; visualization,
V.H.-G. and N.N.-N.; supervision, A.P.-R.; project administration, J.R.-M.; funding acquisition, J.R.-M. All authors
have read and agreed to the published version of the manuscript.
Int. J. Environ. Res. Public Health 2020, 17, 4982 12 of 16
Funding: This study was funded by the non-profit organization: Institut de Desenvolupament Social i Territorial.
Universitat de Lleida. The name of this project is “Active aging, quality of live and intergenerational relationships”.
Grant INDEST2016.
Acknowledgments: We thank the Ekke de Lleida gym for the transfer of its material and facilities for the realization
of this study and to Wiemspro S.L. for its logistic support. We also thank the Institut de Desenvolupament Social i
Territorial. Universitat de Lleida for its funding support.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Trombetti, A.; Reid, K.F.; Hars, M.; Herrmann, F.R.; Pasha, E.; Phillips, E.M.; Physiology, E.; Human, J.M.
Age-associated declines in muscle mass, strength, power, and physical performance: Impact on fear of falling
and quality of life. Osteoporos. Int. 2016, 27, 463–471. [CrossRef] [PubMed]
2. Bloom, D.E.; Chatterji, S.; Kowal, P.; Lloyd-sherlock, P.; Mckee, M.; Rosenberg, L.; Smith, J.P. Macroeconomic
implications of population ageing and selected policy responses. Lancet 2016, 385, 649–657. [CrossRef]
3. Milanovic´, Z.; Pantelic´, S.; Trajkovic´, N.; Sporiš, G.; Kostic´, R.; James, N. Age-related decrease in physical
activity and functional fitness among elderly men and women. Clin. Interv. Aging 2013, 8, 549–556. [CrossRef]
[PubMed]
4. Dakkak W, T.A. Pathogenesis and Management of Sarcopenia. Physiol. Behav. 2017, 176, 139–148.
5. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.-P.;
Rolland, Y.; Schneider, S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of
the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412–423. [CrossRef]
6. Goodpaster, B.H.; Park, S.W.; Harris, T.B.; Kritchevsky, S.B.; Nevitt, M.; Schwartz, A.V.; Simonsick, E.M.;
Tylavsky, F.A.; Visser, M.; Newman, A.B. The loss of skeletal muscle strength, mass, and quality in older
adults: The health, aging and body composition study. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2006, 61,
1059–1064. [CrossRef]
7. Janssen, I.; Heymsfield, S.B.; Ross, R. Low relative skeletal muscle mass (sarcopenia) in older persons
is associated with functional impairment and physical disability. J. Am. Geriatr. Soc. 2002, 50, 889–896.
[CrossRef]
8. Dmitruk, A.; Czeczelewski, J.; Czeczelewska, E.; Golach, J.; Parnicka, U. Body composition and fatty tissue
distribution in women with various menstrual status. Rocz. Panstw. Zakl. Hig. 2018, 69, 95–101.
9. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.;
Burke, G.; et al. Frailty in older adults: Evidence for a phenotype. J. Gerontol. A. Biol. Sci. Med. Sci. 2001, 56,
M146–M156. [CrossRef]
10. Hirvensalo, M.; Rantanen, T.; Heikkinen, E. Mobility difficulties and physical activity as predictors of
mortality and loss of independence in the community-living older population. J. Am. Geriatr. Soc. 2000, 48,
493–498. [CrossRef]
11. Orkaby, A.R.; Forman, D.E. Physical activity and CVD in older adults: An expert’s perspective. Expert Rev.
Cardiovasc. Ther. 2018, 16, 1–10. [CrossRef] [PubMed]
12. Wullems, J.A.; Verschueren, S.M.P.; Degens, H.; Morse, C.I.; Onambélé, G.L. A review of the assessment
and prevalence of sedentarism in older adults, its physiology/health impact and non-exercise mobility
counter-measures. Biogerontology 2016, 17, 547–565. [CrossRef] [PubMed]
13. Etnier, J.L.; Karper, W.B.; Park, S.Y.; Shih, C.H.; Piepmeier, A.T.; Wideman, L. Motivating mature adults to be
physically active. J. Aging Phys. Act. 2017, 25, 325–331. [CrossRef] [PubMed]
14. Lohne-Seiler, H.; Torstveit, M.K.; Anderssen, S.A. Training: Effects on Muscle Strength and Power in the
Elderly. J. Aging Phys. Act. 2013, 21, 51–70. [CrossRef]
15. Vechin, F.C.; Libardi, C.A.; Conceicao, M.S.; Damas, F.R.; Lixandrao, M.E.; Berton, R.P.B.; Tricoli, V.A.A.;
Roschel, H.A.; Cavaglieri, C.R.; Chacon-Mikahil, M.P.T.; et al. Comparisons between low-intensity resistance
training with blood flow restriction and high-intensity resistance training on quadriceps muscle mass and
strength in elderly. J. Strength Cond. Res. 2015, 29, 1071–1076. [CrossRef]
16. Narici, M.V.; Reeves, N.D.; Morse, C.I.; Maganaris, C.N. Muscular adaptations to resistance exercise in the
elderly. J. Musculoskelet. Neuronal Interact. 2004, 4, 161–164.
Int. J. Environ. Res. Public Health 2020, 17, 4982 13 of 16
17. Rice, J.; Keogh, J.W.L. Power Training: Can it Improve Functional Performance in Older Adults? A Systematic
Review. Int. J. Exerc. Sci. 2009, 2, 131–151.
18. Winett, R.A.; Ogletree, A.M. Evidence-Based, High-Intensity Exercise and Physical Activity for Compressing
Morbidity in Older Adults: A Narrative Review. Innov. Aging 2019, 3, igz020. [CrossRef]
19. Sogaard, D.; Lund, M.T.; Scheuer, C.M.; Dehlbaek, M.S.; Dideriksen, S.G.; Abildskov, C.V.; Christensen, K.K.;
Dohlmann, T.L.; Larsen, S.; Vigelso, A.H.; et al. High-intensity interval training improves insulin sensitivity
in older individuals. Acta Physiol. 2018, 222, e13009. [CrossRef]
20. Garcia-Pinillos, F.; Laredo-Aguilera, J.A.; Munoz-Jimenez, M.; Latorre-Roman, P.A. Effects of 12-Week
Concurrent High-Intensity Interval Strength and Endurance Training Program on Physical Performance in
Healthy Older People. J. Strength Cond. Res. 2019, 33, 1445–1452. [CrossRef]
21. Kemmler, W.; Bebenek, M.; Engelke, K.; von Stengel, S. Impact of whole-body electromyostimulation on body
composition in elderly women at risk for sarcopenia: The Training and ElectroStimulation Trial (TEST-III).
Age 2014, 36, 395–406. [CrossRef] [PubMed]
22. Kemmler, W.; Teschler, M.; Weissenfels, A.; Bebenek, M.; Frohlich, M.; Kohl, M.; von Stengel, S. Effects of
Whole-Body Electromyostimulation versus High-Intensity Resistance Exercise on Body Composition and
Strength: A Randomized Controlled Study. Evid. Based Complement. Alternat. Med. 2016, 2016, 9236809.
[CrossRef] [PubMed]
23. Kemmler, W.; Schliffka, R.; Mayhew, J.L.; von Stengel, S. Effects of whole-body electromyostimulation on
resting metabolic rate, body composition, and maximum strength in postmenopausal women: The Training
and ElectroStimulation Trial. J. Strength Cond. Res. 2010, 24, 1880–1887. [CrossRef] [PubMed]
24. Von Stengel, S.; Bebenek, M.; Engelke, K.; Kemmler, W. Whole-body electromyostimulation to fight osteopenia
in elderly females: The randomized controlled training and electrostimulation trial (TEST-III). J. Osteoporos.
2015, 2015, 643520. [CrossRef] [PubMed]
25. Kemmler, W.; Teschler, M.; Weissenfels, A.; Bebenek, M.; von Stengel, S.; Kohl, M.; Freiberger, E.;
Goisser, S.; Jakob, F.; Sieber, C.; et al. Whole-body electromyostimulation to fight sarcopenic obesity
in community-dwelling older women at risk. Resultsof the randomized controlled FORMOsA-sarcopenic
obesity study. Osteoporos. Int. 2016, 27, 3261–3270. [CrossRef] [PubMed]
26. Schink, K.; Herrmann, H.J.; Schwappacher, R.; Meyer, J.; Orlemann, T.; Waldmann, E.; Wullich, B.;
Kahlmeyer, A.; Fietkau, R.; Lubgan, D.; et al. Effects of whole-body electromyostimulation combined
with individualized nutritional support on body composition in patients with advanced cancer: A controlled
pilot trial. BMC Cancer 2018, 1–17. [CrossRef] [PubMed]
27. Kemmler, W.; Grimm, A.; Bebenek, M.; Kohl, M.; von Stengel, S.; Weissenfels, A.; Teschler, M.; Willert, S.;
Bebenek, M.; Shojaa, M.; et al. Effects of Combined Whole-Body Electromyostimulation and Protein
Supplementation on Local and Overall Muscle/Fat Distribution in Older Men with Sarcopenic Obesity: The
Randomized Controlled Franconia Sarcopenic Obesity (FranSO) Study. Calcif. Tissue Int. 2018, 103, 266–277.
[CrossRef]
28. Kemmler, W.; Weissenfels, A.; Teschler, M.; Willert, S.; Bebenek, M.; Shojaa, M.; Kohl, M.; Freiberger, E.;
Sieber, C.; von Stengel, S. Whole-body electromyostimulation and protein supplementation favorably affect
sarcopenic obesity in community-dwelling older men at risk: The randomized controlled FranSO study.
Clin. Interv. Aging 2017, 12, 1503–1513. [CrossRef]
29. Kemmler, W.; von Stengel, S. Whole-body electromyostimulation as a means to impact muscle mass and
abdominal body fat in lean, sedentary, older female adults: Subanalysis of the TEST-III trial. Clin. Interv. Aging
2013, 8, 1353–1364. [CrossRef]
30. Amaro-Gahete, F.J.; De-la-O, A.; Sanchez-Delgado, G.; Robles-Gonzalez, L.; Jurado-Fasoli, L.; Ruiz, J.R.;
Gutierrez, A. Functional Exercise Training and Undulating Periodization Enhances the Effect of Whole-Body
Electromyostimulation Training on Running Performance. Front. Physiol. 2018, 9, 720. [CrossRef]
31. von Stengel, S.; Kemmler, W. Trainability of leg strength by whole-body electromyostimulation during adult
lifespan: A study with male cohorts. Clin. Interv. Aging 2018, 13, 2495–2502. [CrossRef] [PubMed]
32. Pano-Rodriguez, A.; Beltran-Garrido, J.V.; Hernandez-Gonzalez, V.; Reverter-Masia, J. Effects of whole-body
electromyostimulation on health and performance: A systematic review. BMC Complement. Altern. Med.
2019, 19, 87. [CrossRef] [PubMed]
33. Schulz, K.F.; Altman, D.G.; Moher, D. CONSORT 2010 Statement: Updated guidelines for reporting parallel
group randomised trials. BMJ 2010, 340. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 4982 14 of 16
34. Pano-Rodriguez, A.; Beltran-Garrido, J.V.; Hernandez-Gonzalez, V.; Reverter-Masia, J. Effects of Whole-Body
Electromyostimulation on Physical Fitness in Postmenopausal Women: A Randomized Controlled Trial.
Sensors 2020, 20, 1482. [CrossRef] [PubMed]
35. Sjöström, M.; Oja, P.; Hagströmer, M.; Smith, B.J.; Bauman, A. Health-enhancing physical activity across
European Union countries: The Eurobarometer study. J. Public Health (Bangkok) 2006, 14, 291–300. [CrossRef]
36. Kovanen, V.; Aukee, P.; Kokko, K.; Finni, T.; Tarkka, I.M.; Tammelin, T.; Kujala, U.M.; Sipilä, S.; Laakkonen, E.K.
Design and protocol of Estrogenic Regulation of Muscle Apoptosis (ERMA) study with 47 to 55-year-old
women’s cohort: Novel results show menopause-related differences in blood count. Menopause 2018, 25,
1020–1032. [CrossRef] [PubMed]
37. Kemmler, W.; Froehlich, M.; von Stengel, S.; Kleinöder, H. Whole-Body Electromyostimulation – The Need
for Common Sense! Rationale and Guideline for a Safe and Effective Training. Dtsch. Z. Sportmed. 2016,
2016, 218–221. [CrossRef]
38. Aragão-Santos, J.C.; de Resende-Neto, A.G.; Costa Nogueira, A.; Feitosa-Neta, M.L.; Albuquerque
Brandão, L.H.; da Silva Chaves, L.M.; da Silva-Grigoletto, M.E. The effects of functional and traditional
strength training on different parameters of strength elderly women: A trial randomized and controlled.
J. Sports Med. Phys. Fit. 2018, 59, 380–386. [CrossRef]
39. Gonzalez-Badillo, J.J.; Sanchez-Medina, L. Movement velocity as a measure of loading intensity in resistance
training. Int. J. Sports Med. 2010, 31, 347–352. [CrossRef]
40. Reed, J.L.; Pipe, A.L. The talk test: A useful tool for prescribing and monitoring exercise intensity.
Curr. Opin. Cardiol. 2014, 29, 475–480. [CrossRef]
41. Wirtz, N.; Wahl, P.; Kleinöder, H.; Wechsler, K.; Achtzehn, S.; Mester, J.; Kleinder, H.; Wechsler, K.; Achtzehn, S.;
Mester, J. Acute metabolic, hormonal, and psychological responses to strength training with superimposed
EMS at the beginning and the end of a 6 week training period. J. Musculoskelet. Neuronal Interact. 2015, 15,
325–332. [PubMed]
42. Borg, G. Perceived exertion as an indicator of somatic stress. Scand. J. Rehabil. Med. 1970, 2, 92–98.
43. Electroestimulación Deportiva Inalámbrica EMS—Wiemspro. Available online: http://wiemspro.com/es/
(accessed on 10 August 2017).
44. Petrofsky, J. The effect of the subcutaneous fat on the transfer of current through skin and into muscle.
Med. Eng. Phys. 2008, 30, 1168–1176. [CrossRef] [PubMed]
45. Dörmann, U. Isometrische und Isoinertiale Parameter in der Kraftdiagnostik: Reliabilitätsprüfung und Evaluation
von Effek-ten Mechanischer und Elektrischer Krafttrainingsreize; German Sport University Cologne: Cologne,
Germany, 2011.
46. Filipovic, A.; Klein Der, H.; Rmann, U.D.; Mester, J. Electromyostimulation—a Systematic Review of the
Influence of Training Regimens and Stimulation Parameters on Effectiveness in Electromyostimulation
Training of Selected Strength Parameters. J. Strength Cond. Res. 2011. [CrossRef] [PubMed]
47. Doucet, B.M.; Lam, A.; Griffin, L. Neuromuscular electrical stimulation for skeletal muscle function. Yale J.
Biol. Med. 2012, 85, 201–215. [PubMed]
48. A Guide to the Use of Electrical Stimulation in Pediatric Nurodisbility / Association of Paediatric Chartered
Physiotherapists. Available online: https://apcp.csp.org.uk/content/guide-use-electrical-stimulation-
paedaitric-neurodisability (accessed on 19 December 2019).
49. Deley, G.; Babault, N. Could low-frequency electromyostimulation training be an effective alternative to
endurance training? An overview in one adult. J. Sports Sci. Med. 2014, 13, 444–450.
50. Amaro-Gahete, F.J.; de la O, A.; Jurado-Fasoli, L.; Ruiz, J.R.; Gutiérrez, Á. Could superimposed
electromyostimulation be an effective training to improve aerobic and anaerobic capacity? Methodological
considerations for its development. Eur. J. Appl. Physiol. 2017, 117, 1513–1515. [CrossRef]
51. Alvero Cruz, J.E. Al Protocolo de valoración de la composición corporal para el reconocimiento
médico-deportivo. Documento de Consenso del Grupo Español de Cineantropometría de la Federacion
Española de Medicina del Deporte. Arch. Med. Deport. 2009, 26, 166–179.
52. Lee, R.C.; Wang, Z.; Heo, M.; Ross, R.; Janssen, I.; Heymsfield, S.B. Total-body skeletal muscle mass: Development
and cross-validation of anthropometric prediction models. Am. J. Clin. Nutr. 2000, 72, 796–803. [CrossRef]
53. International Society for Advancement of Kinanthropometry. International Strandars for Anthropometric
Assessment: ISAK; International Society for the Advancement of Kinanthropometry: Potchefstroom,
South Africa, 2001; ISBN 0868037125.
Int. J. Environ. Res. Public Health 2020, 17, 4982 15 of 16
54. Fernando; Jiménez Gutiérrez, A.; Alvar, B.A.; Peterson, M.D. Assessing strength and power in resistance
training. J. Hum. Sport Exerc. Off. J. Area Phys. Educ. Sport Fac. Educ. Univ. Alicant. Spain 2009, 4.
55. Lamboley, C.R.; Wyckelsma, V.L.; Dutka, T.L.; McKenna, M.J.; Murphy, R.M.; Lamb, G.D. Contractile
properties and sarcoplasmic reticulum calcium content in type I and type II skeletal muscle fibres in active
aged humans. J. Physiol. 2015, 593, 2499–2514. [CrossRef]
56. Morales, J.; Sobonya, S. Use of Submaximal Repetition Tests for Predicting 1-RM Strength in Class Athletes.
J. Strength Cond. Res. 1996, 10, 186–189.
57. Vivancos, A.; Zambudio, A.; Ramírez, F.; Del Águila, A.; Castrillón, F.; Pardo, P. OC14 Reliability and validity
of a linear position transducer for strength assessment. Br. J. Sports Med. 2014, 48, A5.2-A5. [CrossRef]
58. Faul, F.; Erdfelder, E.; Lang, A.G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef] [PubMed]
59. Beck, T.W. The importance of a priori sample size estimation in strength and conditioning research. J. Strength
Cond. Res. 2013, 27, 2323–2337. [CrossRef] [PubMed]
60. Moniker Privacy Services Random Team Generator—Split a List into Random Groups. Available online:
https://www.randomlists.com/team-generator (accessed on 26 November 2019).
61. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine
and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3–12. [CrossRef]
62. Field, A. Discovering Statistics Using IBM SPSS Statistics; SAGE: London, UK, 2017; ISBN 9781526419521.
63. Vincent, W.J.; Weir, J.P. Statistics in Kinesiology; Human Kinetics: Champaign, IL, USA, 2012;
ISBN 9781450402545.
64. Boutcher, Y.N.; Boutcher, S.H.; Yoo, H.Y.; Meerkin, J.D. The Effect of Sprint Interval Training on Body
Composition of Postmenopausal Women. Med. Sci. Sports Exerc. 2019, 51, 1413–1419. [CrossRef]
65. Falsarella, G.R.; Gasparotto, L.P.R.; Barcelos, C.C.; Coimbra, I.B.; Moretto, M.C.; Pascoa, M.A.;
Ferreira, T.C.B.R.; Coimbra, A.M.V. Body composition as a frailty marker for the elderly community.
Clin. Interv. Aging 2015, 10, 1661–1666. [CrossRef]
66. Kemmler, W.; Birlauf, A. von Stengel Einfluss eines Elektromyostimulations-trainings auf die
körperzusammensetzung bei älteren männern mit metabolischem syndrom. die tEst-II-studie.
Dtsch. Z. Sportmed. 2010, 61, 117–123.
67. Wittmann, K.; Sieber, C.; Von Stengel, S.; Kohl, M.; Freiberger, E.; Jakob, F.; Lell, M.; Engelke, K.; Kemmler, W.
Impact of whole body electromyostimulation on cardiometabolic risk factors in older women with sarcopenic
obesity: The randomized controlled FORMOsA-sarcopenic obesity study. Clin. Interv. Aging 2016, 11,
1697–1706. [CrossRef]
68. Kemmler, W.; Grimm, A.; Bebenek, M.; Kohl, M.; von Stengel, S.; Weissenfels, A.; Teschler, M.; Willert, S.;
Bebenek, M.; Shojaa, M.; et al. Effect of whole-body electromyostimulation and / or protein supplementation
on obesity and cardiometabolic risk in older men with sarcopenic obesity: The randomized controlled
FranSO trial. BMC Geriatr. 2018, 18, 70. [CrossRef] [PubMed]
69. Schink, K.; Reljic, D.; Herrmann, H.J.; Meyer, J.; Mackensen, A.; Neurath, M.F.; Zopf, Y. Whole-Body
Electromyostimulation Combined With Individualized Nutritional Support Improves Body Composition in
Patients With Hematological Malignancies – A Pilot Study. Front. Physiol. 2018, 9, 1–15. [CrossRef] [PubMed]
70. Filipovic, A.; Grau, M.; Kleinoeder, H.; Zimmer, P.; Hollmann, W.; Bloch, W. Effects of a Whole-Body
Electrostimulation Program on Strength, Sprinting, Jumping, and Kicking Capacity in Elite Soccer Players.
J. Sports Sci. Med. 2016, 15, 639–648.
71. Filipovic, A.; Kleinoder, H.; Pluck, D.; Hollmann, W.; Bloch, W.; Grau, M. Influence of Whole-Body
Electrostimulation on Human Red Blood Cell Deformability. J. Strength Cond. Res. 2015, 29, 2570–2578.
[CrossRef] [PubMed]
72. Wirtz, N.; Zinner, C.; Doermann, U.; Kleinoeder, H.; Mester, J. Effects of Loaded Squat Exercise with and
without Application of Superimposed EMS on Physical Performance. J. Sports Sci. Med. 2016, 15, 26–33.
73. Filipovic, A.; DeMarees, M.; Grau, M.; Hollinger, A.; Seeger, B.; Schiffer, T.; Bloch, W.; Gehlert, S. Superimposed
Whole-Body Electrostimulation Augments Strength Adaptations and Type II Myofiber Growth in Soccer
Players During a Competitive Season. Front. Physiol. 2019, 10, 1187. [CrossRef] [PubMed]
74. Kemmler, W.; Von Stengel, S.; Schwarz, J.; Mayhew, J.L. Effect of whole-body electromyostimulation on
energy expenditure during exercise. J. Strength Cond. Res. 2012, 26, 240–245. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 4982 16 of 16
75. McKinnon, N.B.; Connelly, D.M.; Rice, C.L.; Hunter, S.W.; Doherty, T.J. Neuromuscular contributions to
the age-related reduction in muscle power: Mechanisms and potential role of high velocity power training.
Ageing Res. Rev. 2017, 35, 147–154. [CrossRef]
76. Amaro-gahete, F.J.; De-la-o, A.; Jurado-fasoli, L.; Dote-montero, M.; Gutiérrez, Á.; Ruiz, J.R.; Castillo, M.J.
Changes in Physical Fitness After 12 Weeks of Structured Concurrent Exercise Training, High Intensity Interval
Training, or Whole-Body Electromyostimulation Training in Sedentary Middle-Aged Adults: A Randomized
Controlled Trial. Front. Physiol. 2019, 10, 1–15. [CrossRef]
77. Bassey, E.J.; Fiatarone, M.A.; O’Neill, E.F.; Kelly, M.; Evans, W.J.; Lipsitz, L.A. Leg extensor power and
functional performance in very old men and women. Clin. Sci. 1992, 82, 321–327. [CrossRef]
78. Hakkinen, K.; Kraemer, W.J.; Kallinen, M.; Linnamo, V.; Pastinen, U.M.; Newton, R.U. Bilateral and unilateral
neuromuscular function and muscle cross-sectional area in middle-aged and elderly men and women.
J. Gerontol. A Biol. Sci. Med. Sci. 1996, 51, B21–B29. [CrossRef] [PubMed]
79. Izquierdo, M.; Aguado, X.; Gonzalez, R.; Lopez, J.L.; Hakkinen, K. Maximal and explosive force production
capacity and balance performance in men of different ages. Eur. J. Appl. Physiol. Occup. Physiol. 1999, 79,
260–267. [CrossRef] [PubMed]
80. Skelton, D.A.; Greig, C.A.; Davies, J.M.; Young, A. Strength, power and related functional ability of healthy
people aged 65-89 years. Age Ageing 1994, 23, 371–377. [CrossRef] [PubMed]
81. Nilwik, R.; Snijders, T.; Leenders, M.; Groen, B.B.L.; van Kranenburg, J.; Verdijk, L.B.; van Loon, L.J.C.
The decline in skeletal muscle mass with aging is mainly attributed to a reduction in type II muscle fiber size.
Exp. Gerontol. 2013, 48, 492–498. [CrossRef]
82. Verdijk, L.B.; Snijders, T.; Drost, M.; Delhaas, T.; Kadi, F.; van Loon, L.J.C. Satellite cells in human skeletal
muscle; from birth to old age. Age 2014, 36, 545–547. [CrossRef]
83. Snijders, T.; Verdijk, L.B.; Smeets, J.S.J.; McKay, B.R.; Senden, J.M.G.; Hartgens, F.; Parise, G.; Greenhaff, P.;
van Loon, L.J.C. The skeletal muscle satellite cell response to a single bout of resistance-type exercise is
delayed with aging in men. Age 2014, 36, 9699. [CrossRef]
84. Skelton, D.A.; Kennedy, J.; Rutherford, O.M. Explosive power and asymmetry in leg muscle function in
frequent fallers and non-fallers aged over 65. Age Ageing 2002, 31, 119–125. [CrossRef]
85. Micke, F.; Kleinöder, H.; Dörmann, U.; Wirtz, N.; Donath, L. Effects of an Eight-Week Superimposed
Submaximal Dynamic Whole-Body Electromyostimulation Training on Strength and Power Parameters of
the Leg Muscles: A Randomized Controlled Intervention Study. Front. Physiol. 2018, 9, 1719. [CrossRef]
86. Colson, S.; Martin, A.; Van Hoecke, J. Re-examination of training effects by electrostimulation in the human
elbow musculoskeletal system. Int. J. Sports Med. 2000, 21, 281–288. [CrossRef]
87. Bezerra, P.; Zhou, S.; Crowley, Z.; Brooks, L.; Hooper, A. Effects of unilateral electromyostimulation
superimposed on voluntary training on strength and cross-sectional area. Muscle Nerve 2009, 40, 430–437.
[CrossRef]
88. Gondin, J.; Duclay, J.; Martin, A. Neural drive preservation after detraining following neuromuscular
electrical stimulation training. Neurosci. Lett. 2006, 409, 210–214. [CrossRef] [PubMed]
89. Gondin, J.; Duclay, J.; Martin, A. Soleus- and gastrocnemii-evoked V-wave responses increase after
neuromuscular electrical stimulation training. J. Neurophysiol. 2006, 95, 3328–3335. [CrossRef] [PubMed]
90. Gregory, C.M.; Bickel, C.S. Recruitment patterns in human skeletal muscle during electrical stimulation.
Phys. Ther. 2005, 85, 358–364. [CrossRef] [PubMed]
91. Grill, W.M.; Mortimer, J.T. Mortimer Stimulus waveforms for selective neural stimulation. IEEE Eng. Med.
Biol. Mag. 1995, 14, 375–385.
92. Bickel, C.S.; Gregory, C.M.; Dean, J.C. Motor unit recruitment during neuromuscular electrical stimulation:
A critical appraisal. Eur. J. Appl. Physiol. 2011, 111, 2399–2407. [CrossRef]
93. Alghannam, A.F.; Gonzalez, J.T.; Betts, J.A. Restoration of muscle glycogen and functional capacity: Role of
post-exercise carbohydrate and protein co-ingestion. Nutrients 2018, 10, 253. [CrossRef]
94. Borges, N.; Reaburn, P.; Driller, M.; Argus, C. Age-Related Changes in Performance and Recovery Kinetics in
Masters Athletes: A Narrative Review. J. Aging Phys. Act. 2016, 24, 149–157. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
